Optical simulations: The charge generation profile and device absorption can be calculated using a transfer matrix formalism (TMF) simulation. 1 For optical simulations, the refractive indices of the organic materials and quantum dots were acquired by spectroscopic ellipsometry (Alpha-SE, J. A.
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were used to obtain averaged values at 300 K. To obtain k H , the O 2 adsorption isotherm calculated from the GCMC simulations was fitted using dual-mode theory 7 : C = k H p + C  bp /(1+bp ), where C is the concentration of the gas, k H is the Henry's constant, and p is the partial pressure. The last term represents a Langmuir-type isotherm with the saturation concentration of gas (C ∞ ) and b is the ratio of the rates of adsorption/desorption of the gas molecules. The H 2 O solubility (k H ) of MeO-TPD was calculated as 6.66 cm 3 (STP) cm -3 atm -1 similar to the k H value of polyvinylidiene chloride (PVDC), 6.5 -10.2 cm 3 (STP) cm -3 atm -1 , from the previous theoretical study by Coxmuta et al. 8 The diffusion coefficient (D) determined by MSD as a function of simulation time to be 5.67 × 10 -7 cm 2 s -1 , yielding permeability P = k H × D = 3.78 × 10 -6 cm 3 (STP) cm -1 atm -1 s -1 . This is comparable to the permeability of 0.5 mm thick polyacrilonitrile (PAN), 2.28 × 10 -6 cm 3 (STP) cm -1 atm -1 s -1 , water barrier property as well. device. In addition, even higher stability was achieved with a thicker p-MeO-TPD, suggesting that the blocking effect of the p-MeO-TPD layer boosted the CQDs device stability. S13 shows the J-V characteristics of EMII-based device with a p-MeO-TPD layer using various sizes of PbS QDs. We tested three PbS QDs batches such that first excitonic peaks are 818 nm, 853 nm, and 878 nm. The detailed photovoltaic characteristics are described in Table S1 . As shown in Fig. S13 and Table S1, The V oc was reduced and J sc was improved as the size of PbS QDs became larger. The highest PCE of 10.7 % was achieved with 878 nm. 
